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© Cathodic active material composition for dry cells, method for preparing the same, and alkaline 
battery. 

© A cathodic active material comprises a mixture of graphite particles and electrolytic manganese dioxide 
particles which are composed of needle-like crystals having an aspect ratio ranging from about 2 to about 20 
and an alkaline manganese dioxide cell is provided with a cathode prepared from the cathodic active material. 
The cathodic active material for dry cells can be prepared by mixing, in advance, carbon powder with 
manganese dioxide powder in a weight ratio ranging from about 1:100 to about 15:100 and then pulverizing the 
resulting mixture. The novel cathodic active material for dry cells permits substantial improvement of the 
resulting dry cell in the high load-discharge quality/ 
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BACKGROUND OF THE INVENTION 
Field of the Invention: 

The oresent invention relates to a composition of electrolytic manganese dioxide-containing cathodic 

s The present 'nvenaon particular, alkaline manganese diox.de 

^^T^^*^*™*- — 3,80 re,ales to 3 dry ce " which 

makes use of the foregoing composition. 
io Prior Art: 

„ Hlrtvirifi has been used f 0r long, as a cathodic active material for dry cells. Manganese 

JSZ^^^^^^^ be dassi,ied irto three gra)ps - •V"? man9anes . e 

*2STJnft M i»! manganese dioxide and electrolytic manganese dioxide and are properly 

^S^^SSIS.' dioxide products, electrolytic manganese dioxide provides a dry ce.l which is 
mcst^xceC in at a high load. In addition, the ratio of dry cel.s using electrolyt c 

ranganrixie has gradua.lybeen increased since small dry ceils having high capacties have recently 
been desired along with the miniaturization of electronic machinery and tools. 

There Ss Len increased applications of a small-sized dry ce.l such as the LR-6 type wh.ch can be 
Hio^hamoH at an 'extremal v hiqh load such as discharge at a load of 10. 

jZe£^aZT^l the dry ce.l composed of eiectrolytic manganese dioxide presently used 
reveJa H£ZZ drop when the cell is discharged at a load of 10. which results .n a reduction of the 

~Z"£2?Z X ESSTL. - the improvement of dry ce, -^^^ 
hiah load For instance. Japanese Unexamined Patent Publication (hereunder referred to as J.P. KOKAI ) 
no 02-213W and J P. KOKAI No. Sho 60-138085 proposes that electrolytic manganese d.oxide 
show"g 1 «™lZ«<x * high load-discharge can be produced by carrying of*%!£12^£. 
eS^in which carbon fibers or carbon particles are suspended. In addition, J.P. KOKA I No. H« 06- 
97^ proves that a high quality electrolytic manganese dioxide product can be obtamed by d.spe sing in 
a manaanTse electrolyte, carbon fibers, and/or graphite fibers whose surface .s covered wrth a film of a 
man3se expand by co-precipitating the fibers and manganese dioxide through electrolysis to thus 
obtafn pretiptotes having a manganese dioxide content of not less than 90% by we.ght. Moreover. J.P^ 
KoS ^8^ 63-21225 discloses a method for preparing high quality electrolytic manganese diox.de ,n 
wScVthe eleSolysis is carried out in an electrolyte suspending fine particles of manganese ox.de_ 

llto^ctcZ material comprises a mixture of chemically synthesized manganese dioxide and electrolyte 
^„ a !?H?nlTcan be highly improved as compared with the cells whose cathodic active material 

fhereto i P KOKAI No. Sho 63-40727 teaches that fine particles having a size of not more than 2um and 
^p^ctotartig a size of not tess than 92um are inferior in qualrty and that accordingly. quaWy of 
^Tei?^ improved through the use of electrolytic manganese dioxide from which these f,ne and 

™ZT™Z ( ™«™™^ disci °- *- dischaf9e qua,ity of dry ce,,s T 

impSeTby S ng the average particle size of electrolytic manganese dioxide ^^^T 
Sim IreL* JP KOKAI No. Sho 51-21129 discloses that discharge quality can be improved through 
ToUSZ of implement in the electrolyte used and the use of electrolytic manganese d.ox.de 
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having an average particle size of not more than Sum. Further, J.P. KOKAI No. Sho 58-14470 discloses that 
high load-discharge quality of dry ceils can be improved through the use of electrolytic manganese dioxide 
having an average particle size of not more than 10um in an electorlyte containing sodium perchlorat. 

Moreover, J.P. KOKAI Nos. Hei 02-195647 and Hei 02-226656 set forth that the use of carbon black 
5 obtained by the furnace process as a conductive material permits improvement of dry cells in their high 
load-discharge quality. On the other hand, J.P. KOKAI No. Sho 63-121256 discloses that conductive 
properties of a cathodic material is improved by forming a thin film of a carbonaceous material on the 
surface of manganese dioxide particles and that a manganese dioxide cell having high load-discharge 
quality can thus be produced. J.P. KOKAI No. Sho 63-187570 teaches that the high load-discharge quality 
to of a dry cell can be improved through the use of electrolytic manganese dioxide particles which are 
covered with fine particles of a carbonaceous material having an averaged particle size ratio, with respect to 
the manganese dioxide particles, ranging from 10~ 1 to 10~ 3 ,at a covering rate ranging from 0.5 to 15%. 
However, this invention mainly aims at the improvement of conductivity and, therefore, the particle size of 
the carbonaceous material should be smaller than that of manganese dioxide. 
75 Various attempts have been proposed as has been discussed above, but all of them are still insufficient 
since they suffer from various problems in, for instance, that the effect attained is insufficient, that the 
practical production of the product proposed therein is very difficult and that mass-production of such 
products is impossible. Thus, there is much room for further improvement. 

More specifically, electrolytic manganese dioxide should receive electrons for inducing cell discharge. 
20 This, in turn, requires migration of protons or electrons through the electrolytic manganese dioxide. 
However, the manganese dioxide serving as the path for electron or proton- migration is deteriorated since 
the rate of migrating protons or electrons per unit time is substantially increased during the high load- 
discharge. This leads to inhibition of proton or electron-migration and hence a reduction of electromotive 
force of the dry cell. Accordingly, it is believed that the particle size of electrolytic manganese dioxide 
25 particles is favorably as low as possible for the discharge at a high load. 

In the conventional methods, however, if electrolytic manganese dioxide is strongly pulverized to reduce 
the particle size thereof, electrolytic manganese dioxide is deteriorated and accordingly, quality thereof is 
rather impaired, while if the particle size of the manganese dioxide particles is reduced, but aggregates 
thereof still remain, particles of a conductive material such as graphite are not sufficiently brought into close 
contact with each other and accordingly, any effect of the particle size reduction cannot be anticipated. In 
addition, if fine particles are used, any increase in density is not ensured when the fine particles are 
subjected to compression powder molding and this accordingly results in the reduction in the amount of the 
particles capable of being packed in a predetermined volume in a dry cell. 

35 SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a cathodic active material for dry cells 
which allows the elimination of the foregoing drawbacks associated with the conventional cathodic active 
materials for dry cells mainly comprising electrolytic manganese dioxide, which exhibits very excellent high 
AO load-discharge quality and which may fit the mass production and to provide an alkaline manganese dioxide 
cell produced using the cathodic active material. 

Another object of the present invention is to provide a method for preparing the foregoing cathodic 
active material for dry cells in high efficiency. 

According to an aspect of the present invention, there is provided a cathodic active material for dry 
45 cells which comprises a mixture of graphite and electrolytic manganese dioxide in the form of needle 
crystals having an aspect ratio ranging from about 2 to about 20. 

Electrolytic manganese dioxide should receive electrons for inducing cell discharge. This, in turn, requires 
migration of protons or electrons through electrolytic manganese dioxide. For this reason, the manganese 
dioxide serving as the path for electron or proton-migration is deteriorated since the number of migrating 
so protons or electrons per unit time is markedly increased during the discharge at a high load. This leads to 
inhibition of proton or electron-migration. This is considered to be a cause of a decrease in the 
electromotive force of the dry cell during the discharge at a high load. Therefore, it is believed that the 
particle size of electrolytic manganese dioxide particles is favorably as low as possible for the discharge at 
a high load. 

55 In the conventional techniques, however, if electrolytic manganese dioxide is strongly pulverized to 
reduce the particle size thereof, electrolytic manganese dioxide is deteriorated and accordingly, quality 
thereof is rather impaired, while if the particle size of the manganese dioxide particles is reduced, but 
aggregates thereof still remain, particles of a conductive material such as graphite do not sufficiently come 
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in contact with each other and accordingly, almost no effect of the particle size reduction can be expected. 
In addition, if fine particles are used, any increase in density is not ensured when the fine particles are 
subjected to compression powder molding and this correspondingly leads to a decrease in the amount of 
the particles capable of being packed in a predetermined volume in a dry cell. 

The foregoing drawbacks associated with the conventional techniques can be successfully solved by 
the present invention. More specifically, the present invention permits uniform mixing of fine particles by 
sufficient admixture of graphite with electrolytic manganese dioxide and then simultaneous pulverization of 
the mixture and this in turn permits substantial improvement in the high load-discharge quality of the 
resulting dry cells. 

Moreover, if assemblies of needle-like crystals of electrolytic manganese dioxide having an aspect ratio 
ranging from about 2 to about 20 is used as a cathodic active material for dry cells according to the present 
invention, the resulting dry cell, in particular, alkaline manganese dioxide cell exhibits substantially improved 
characteristic properties during the high load-discharge. This effect is conspicuous and peculiar to the 
foregoing specific electrolytic manganese dioxide. Moreover, the cathodic active material of the present 
invention can easily be prepared from electrolytic manganese dioxide particles produced under predeter- 
mined conditions by pulverizing the particles under predetermined conditions. More specifically, the 
cathodic active material can be mass-produced and correspondingly the use thereof permits a reduction of 
the production cost. 

According to another aspect ; of the present invention, there is also provided a method for preparing a 
mixture of graphite powder with electrolytic manganese dioxide particles which are composed of needle-like 
crystals discussed above. 

The present invention further relates to a method for preparing a manganese dioxide composition for 
dry celts which comprises the steps of mixing carbon powder with manganese dioxide powder in a weight 
ratio ranging from 1:100 to 15:100 and then pulverizing the resulting mixture. 

Manganese dioxide usable in the present invention may be those prepared by the aforementioned 
various methods, with electrolytic manganese dioxide being most preferred. In addition, the carbon powder 
is preferably graphite powder. 

In particular, the combination of graphite powder with electrolytic manganese dioxide particles can 
provide the most optimum manganese dioxide composition. 

The amount of carbon powder to be used suitably ranges from 1% to 15% on the basis of the total 
weight of electrolytic manganese dioxide used. This is because if the amount is less than 1%, any effect of 
simultaneous pulverization cannot be ensured, while if it exceeds 15%, the volume fraction of carbon 
powder in the mixture is too high to effectively pulverize the same. The carbon powder is added to the 
manganese dioxide composition for imparting sufficient conductivity thereto and for holding an electrolyte in 
the resulting dry cell, but the carbon powder do not always has to be added in an amount required for these 
purposes during the foregoing simultaneous pulverization step. The intended high load-discharge quality 
improving effect can be ensured by, for instance, mixing 1% of carbon powder with manganese dioxide and 
pulverizing the carbon powder simultaneously with the manganese dioxide particles and then mixing an 
additional amount of carbon powder with the pulverized mixture according to the conventional method. 

The carbon powder used in the invention is most preferably graphite powder as already discussed 
above The optimum effect can be ensured through the use of graphite powder having good crystallinity. 
Carbon black can of course be used and can provide a desired effect. Among carbon black products, 
preferred are those having electrical conductivity as high as possible. This is because a sufficient effect can 
be expected through the use thereof in a small amount (or a low mixing ratio). 

Among manganese dioxide products, electrolytic manganese dioxide is most effective in the invention, 
but both chemically synthesized and natural manganese dioxide products can be improved in the high load- 
discharge quality through pulverization thereof simultaneous with, for instance, graphite powder. 

The simultaneous pulverization step can be performed by sufficiently mixing components required 
under dry conditions in, for instance, a twin-cylinder mixer, then adding water to the resulting mixture for 
adjusting the slurry concentration to the range of from 10 to 80% and wet-pulverizing the slurry. If the slurry 
concentration is less than 10%, pulverization efficiency is insufficient and the product gets greatly 
contaminated with impurities. On the other hand, it exceeds 80%, the viscosity of the resulting slurry is too 
high to perform effective pulverization. The wet-pulverization is preferably carried out in a medium type 
pulverizer such as ball mill or bead mill, but may be performed in an earthenware mortar type pulverizer 
such as a thunder mill or a stone mortar type pulverizer. The use of the manganese dioxide pulverized into 
particles having a particle size ranging from 0.1 to 9um would result in an excellent effect. If the particle 
size thereof is greater than 9um. only an insufficient effect can be attained by the simultaneous 
pulverization procedure. However, the mixture is extremely pulverized, the structure of manganese dioxide 
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is broken and the properties of the resulting composition is rather reduced. 

The pH of the slurry is not critical in the pulverization step. After the pulverization, an electrolyte is 
added to the pulverized slurry or the pulverized slurry is filtered and dried and then an electrolyte is added 
thereto to give a cathodic active material. Alternatively, the powdery ingredients can be mixed and 
5 pulverized in the presence of an electrolyte. 

The carbon powder can serve as a lubricant during the foregoing simultaneous pulverization step and 
accordingly, permits the pulverization of electrolytic manganese dioxide into fine particles without causing 
any deterioration of properties thereof and can ensure sufficient mixing of these powdery ingredients. 

70 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will become more apparent from the detailed explanation given below with 
reference to the accompanying drawings, wherein 

FIGURE 1 is a sketch showing a particle of an electrolytic manganese dioxide, which is drawn based on 
T5 a TEM micrograph of an electrolytic manganese dioxide particle as a principal component of the 
cathodic active material for dry cells according to the present invention; 

FIGURE 2 is a sketch, obtained in the same way as in FIGURE 1, showing amass of crystals constituting 
the manganese dioxide particle shown in FIGURE 1 ; 

FIGURE 3 is a sketch, obtained in the same way as in FIGURE 1, showing a crystal grain constituting the 
20 crystalline mass shown in FIGURE 2; 

FIGURE 4 is a sketch, obtained in the same way as in FIGURE 1, showing a needle-like crystal 
constituting the crystal grain shown in FIGURE 3; and 

FIGURE 5 is a sectional side elevation showing an embodiment of an alkaline manganese dioxide cell 
assembled using the cathodic active material according to the present invention. 

25 

DETAILED DESCRIPTION OF THE INVENTION 



The inventors of this invention have accumulated the results of systematic studies on the bonding, 
structure and physical properties of electrolytic manganese dioxide crystals, have correspondingly found 

30 out that electrolytic manganese dioxide has the highest reactivity when it has a structure as shown in the 
accompanying drawings and thus have completed the present invention. 

FIGURE 1 shows an electrolytic manganese dioxide particle. In this example, a particle size ranges 
from about 2 to about 80um and an average is about 30um. A part thereof is enlarged and shown in 
FIGURE 2. The mass of crystals shown in FIGURE 2 is constituted by a plurality of crystal grains each 

35 having a particle size ranging from about 0.2 to about 0.6um. One of such crystal grains is enlarged and 
shown in FIGURE 3. A plurality of needle-like crystals assemble while arranging their orientations in one 
direction. One of these needle-like crystal grains is likewise enlarged and shown in FIGURE 4. This is a 
needle-like crystal grain having an aspect ratio ranging from about 2 to about 20. 

In the present invention, it is very important that the needle-like crystal serves as a constituent element 

40 of electrolytic manganese dioxide component and must be a long and thin grain having an aspect ratio (i.e., 
the ratio of the major axis to the minor axis) ranging from about 2 to about 20. If the aspect ratio is less than 
2, the high load-discharge quality is never improved even when needle-like crystal grains are present. On 
the other hand, it is difficult to produce a needle-like crystal having an aspect ratio of higher than 20 from 
the technical standpoint. 

45 There is not any limitation in the size of electrolytic manganese dioxide crystals so far as their aspect 
ratio falls within the range defined above, but the crystals easily produced through electrolysis have a major 
axis ranging from 0.05 to 0.3um and a minor axis ranging from 0.01 to 0.05um and these crystal grains can 
favorably used in the present invention. 

The inventors of this application have further found out that properties of the cathodic active material 

so can further be improved if electrolytic manganese dioxide crystals are adhered to the surface of scaly 
graphite plates. There have conventionally been known methods for enhancing the electron conductivity of 
the cathodic active material, for instance, a method which comprises rubbing fine particles of graphite 
against the surface of electrolytic manganese dioxide and a method comprising co-precipitating electrolytic 
manganese dioxide and carbon fibers during electrolysis in an electrolyte in which carbon fibers are 

55 suspended. However, the inventors have found out that the cathodic active material exhibits the highest 
activity when the graphite component used has the lowest possible thickness while holding the scaly shape 
thereof to optimize the electron conductivity and electrolytic manganese dioxide particles having a particle 
size smaller than that of the graphite are adhered to the surface of the scaly graphite particles. Therefore, 
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the particle size of eledrolytic manganese dioxide is desirably^ 10*m or^aller How « ve ' a * e J^; . 
conSuents of electrolytic manganese dioxide are needle-like particles, and. therefore, the part.de thereof 
rannot be. miniaturized any more. . , ' * x . • 

The cathodic active materia, of the present invention can be used in combinabon w.th the conventional 
electrolytic manganese dioxide for the improvement, in the high load-discharge quality of the resulting dry . 
cell in this case, the conventional electrolytic manganese dioxide may be incorporated, into the cathode 
active material of the present invention after the preparation of the latter or in the course of the preparat.cn 
thereof and in any case, the same excellent effect can be ensured. 

BecTo.i manganese dioxide particles having a structure as shown in FIGURE 1-4 can be prepared 
bv a variety of methods. For instance, an acidic solution of manganese sulfate is electrolyzed at a 
temoerature of 90' C or higher to separate out crystals of electrolytic manganese dioxide on an anode of 
titanium The resulting tile-like crystals of electrolytic manganese, dioxide thus separated out are roughly 
pulverized, neutralized, washed with water and then dried. Thereafter, the roughly pulverized crystal are 
further pulverized under dry conditions into fine particles having an average part.de size of about 30am. 
Alternatively, the tile-like crystals of electrolytic manganese dioxide may be pulverized, under wet con- 
ditions, into particles having an average particle size of about 30um followed by neutral.zat.on. water- 

^Thrcaiodicactive material" for dry, cells according to the present invention; can be produced by 
uniformly mixing graphite particles with electrolytic manganese dioxide particles and then pulverizing the 
mixture together. The amount of graphite particles to be mixed with the electrolytic manganese dioxide 
parades suitably ranges from 1% to 50% on the basis of the weight of the latter. This « because rf the 
amount of the graphite particles* less than 1%. the effed of the simultaneous pulvenzabon of these 
Dowdery ingredients is insufficient, while if it exceeds 50%. the volume fraction of carbon powder .n,the 
mixture is too high to suffidently pulverize the same. The carbon powder is added to the manganese 
dioxide composition for imparting sufficient condudivity thereto and for holding an electrolyte m the 
resulting, dry cell but the carbon powder has always not to be added in an amount required for these 
purposes during the foregoing simultaneous pulverization step. The high load-discharge quality .mprov.ng 
effect can be ensured by. for instance, mixing 1% of graphite powder with electrolytic manganese dioxide, 
then simultaneously pulverizing the mixture and mixing an additional amount of carbon powder wrth the 
oulverized mixture according to the conventional method. Alternatively, the high load-discharge quality can 
Hkewise be improved by mixing 50% of graphite powder with eledrolytic manganese dioxide, then 
simultaneously , pulverizing the resulting mixture and thereafter, incorporating an additional amount of 
electrolytic manganese dioxide powder into the pulverized mixture through the method currently used in 
this art The effed of this type becomes conspicuous, in particular, when graphite particles exh.b.t.ng good 

35 c ^^ u ^.^7of' the mixture of graphite and eledrolytic manganese dioxide particles can be 
performed by sufficiently mixing, under dry ; conditions, the particles in a twin-cylinder mixer or a rotary- 
tumbling mixer, then adding water to form a slurry and to adjust the slurry concentration to the range of 
from 10 to 80% and pulverizing the slurry under wet conditions. In this case, if the slurry concentrate is 
« less than 10% the pulverization is ineffective, or insufficient and the resulting produd greatly gets 
contaminated with impurities, while if it exceeds 80%. the viscosity of the slurry sometimes becomes too 
hiah to efficiently pulverize it. The wet-pulverization is preferably carried out in a medium type pulverizer 
such as ball mill or bead mill, but may be. performed in an earthenware mortar type pulverizer such as a 
thunder mill or a stone mortar type pulverizer. It is. effective to sufficiently knead the slurry .n a knead.ng 
45 machine such as a kneader prior to the wet-pulverization. In this respect, if the pulverization is carried out in 
the absence of graphite, the structure of electrolytic manganese dioxide would be broken and accordingly, 
properties thereof are rather lowered. It should be noted that even the foregoing simultaneous pulverization 
step sometimes leads to breakage of the structure of electrolytic manganese dioxide and properties thereof 
is rather lowered if the particles are excessively pulverized. When, a shear stress for pulverization .s apphed 
to a mixture of electrolytic manganese dioxide and graphite particles uniformly admixed, the graphite 
particles are cleaved into scaly shapes to thus give scaly thin plates. ^ aan 
If the pulverization proceeds while eledrolytic manganese dioxide particles are sandwiched between 
thin plates of graphite, assemblies of particles are formed, wherein each assembly comprises scaly graphite 
plates and electrolytic manganese dioxide, crystals whose structure is not broken, which hold the.r adivrty 
and which are adhered to the scaly plates. This is because the graphite particles serve as a lubricant. 

The qraphite usable in the invention can be those capable of being easily cleaved into scaly particles 
and having good crystallinity, but may be any graphite having good cleavability- The particle size thereof is 
preferably greater than that of the electrolytic manganese dioxide particle. For instance, when the rn.xmg 
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and simultaneous pulverization is performed using electrolytic manganese dioxide having an average 
particle size of 30um, it is effective to use graphite particles having an average particle size of greater than 
30um. However, sufficient pre-kneading permits the use of graphite particles having any size even if they 
have a large difference in particle size. 

s The smaller the particle size of electrolytic manganese dioxide particle, the higher the efficiency of the 
simultaneous pulverization of the powdery ingredients. However, the pulverization into fine particles 
sometimes results in breakage of the crystalline structure of manganese dioxide particles. Accordingly, the 
cathodic active material having the above discussed structure can easily be obtained by adding graphite to 
electrolytic manganese dioxide pulverized to an average particle size on the order of about 30um, then 

10 mixing and simultaneously pulverizing the resulting mixture. The cathodic active material may be produced 
by adding an electrolyte to the pulverized slurry or by filtering the slurry and then drying after pulverization 
and then adding an electrolyte to give an intended cathodic active material. Alternatively, the simultaneous 
pulverization step may likewise be carried out after the addition of an electrolyte to the powdery ingredients. 
The graphite and electrolytic manganese dioxide particles used in the cathodic active material of the 

is present invention have particle sizes finer than that of the conventionally used ones. Accordingly, the 
cathodic active material which is simply dried after the simultaneous pulverization step provides a molded 
product having a low bulk density (packing density) and thus does not permit any increase in the amount of 
the material which can be packed in a predetermined volume. This problem can be solved by granulating 

r~ the dried powder. The granulation may be carried out simply by addition of water "without using other 

20 additives such as binders since the powder is prepared through pulverization into fine particles. 

FIGURE 5 shows an embodiment of the alkaline manganese dioxide cell assembled using the cathodic 
active material of the present invention. In FIGURE 5, the reference numeral 11 represents a cathodic can. 
12 a cathode, 13 an anode (gelled zinc alloy powder), 14 a separator. 15 a sealing body. 16 an anodic 
bottom plate, 17 a current collector, 18 a cap. 19 a heat-shrinkable tubing, 20 and 21 each an insulating ring 

25 and 22 an outer can. 

The present invention will hereunder be described in detail with reference to the following non-limitative 
working Examples and the effects practically achieved by the invention will also be discussed in detail in 
comparison with Comparative Examples. 

30 Example 1 

A tile-like block of electrolytic manganese dioxide having a thickness of 1 cm was produced by 
electrolyzing an aqueous solution of manganese sulfate to thus separate out manganese dioxide on an 
anode of titanium. The electrolyzation was performed at an electrolyte temperature of 90 *C. a manganese 

35 sulfate concentration of 20 g/l, a sulfuric acid concentration of 30 g/l and a current density of 40 A/m 2 . A 
sample was cut off from the block and observed with a transmission electron microscope. As a result, it was 
confirmed that electrolytic manganese dioxide thus formed was composed of needle-like particles each 
having an aspect ratio ranging from about 2 to about 20 and had a structure as shown in attached 
FIGURES. The block was roughly pulverized, followed by neutralization, water-washing, drying and pul- 

40 verization into fine particles to give electrolytic manganese dioxide particles having an average particle size 
of 30um. 

After sufficiently mixing 7.2 kg of the electrolytic manganese dioxide particles having an average 
particle size of 30um with 0.8 kg of graphite powder in a twin-cylinder mixer, 6 kg of distilled water was 
added thereto to give a slurry and then the slurry was pulverized in a horizontal type bead mill. The slurry 
45 was sampled from the mill at residence times of 1, 2, 5, 10, 20, 30 and 180 minutes (Sample Nos. 1 to 7), 
each sample was filtered and dried in a dryer maintained at 60 °C, followed by disintegration and 
impregnation with a saturated potassium hydroxide solution to thus give a cathodic active material. The 
cathodic active material was observed with a transmission electron microscope and the followings could be 
confirmed: 

so In Sample Nos. 1 , 2, 3 and 4, electrolytic manganese dioxide crystals composed of needles having a 
major axis ranging from 0.05 to 0.3um and an aspect ratio ranging from about 2 to about 20 were adhered 
to the surface of scaly graphite plates. As the pulverization time increases, the particle size of the 
electrolytic manganese dioxide particles is reduced and there were observed the presence of many 
separately dispersed individual needle-like crystals in Sample Nos. 3 and 4. In Sample Nos. 5, 6 and 7, 

55 most of the electrolytic manganese dioxide crystals constituted by needle-like particles having a major axis 
ranging from 0.05 to 0.3um and an aspect ratio ranging from about 2 to about 20 were adhered to the 
surface of scaly graphite plates, but it was observed that many electrolytic manganese dioxide particles had 
rounded shapes unlike the needle-like shape observed when the particles were formed through electrolysis. 

7 



5DOCID: <EP 0646976A1 J_> 



EP 0 646 976 A1 



uJS^Z " charge time thereof till the electromotive force of the cells reached 0 9V under the 
dSaTge Tz Sad of 10 L determined. The results thus obtained are summarized ,n the fol.ow.ng Table 

1. 
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35 



Comparative Example 1 

A slurry was prepared by adding 6 kg of distilled water to 7.2 kg of electrolytic '" a "9 anese nt di i °^ 
oart ic.e?hIinq an average particle size of 30um and then the slurry was pulverized m a honzpntel type 
Ed mm Afte?I slurry^ pulverized for 3 minutes expressed in terms of the residence tme « the m,.l, 
u 8 kg" gZ i^w sTdded to the slurry foUowed by addKional mixing and pulverization over 10 minute. 
The sVry Z sampled from the mil. (Sample No. 8), the sample was dried in a dryer ma.nta.ned at 6C IC, 
Stowed by disintegration and impregnation with a saturated potassium hydrox.de solut,on to thus g.ve a 

^SSe materia, was observed wW, » transmission electron 

^nf^edTat electrolytic manganese dioxide particles having a particle size rang.ng from 0.05 to lOiim 
conf.rmed that electro^ g ^ ^ mere was not observed any needle-hke particles 

7ol\d^^^ n-dle-iike crystal grains assembled while 

tt^i^St, assembling ». -^^^2 
oroduced and me discharge time thereof till the electromotive force of the cell reached 0.9 V under the 
Same at a lid of 10 was determined. The same procedures used above were repeated except for 
discharge at a oaa withd rawn from the mill at residence times of 30 minutes and 3 

3 SCJSS.'SiUi. - *. «» — . ^ "* ,hl,s "-'^ " 

likewise listed in Table 1 . 
Comparative Example 2 

A slurry was prepared by adding 6 kg of distilled water to 7.2 kg of electrolytic manganese djoxide and 
P u.venze7n a horizontal bead mill. The slurry was sampled at residence mm mJ ^ - J 

rrSTSJSS S ^C 1 ^^-- 11 to 17). Each sample was impregnated with a saturated 
Dotassium hydroxide to give each corresponding comparative cathodic act.ve material. 
^ Tr-6 ty^e alkaline manganese dioxide cells were assembled using these ^^^^ B 
materials thus produced and the discharge time thereof till the electromotive force of the cells reached OS 
vS *e di^harge at a load of 10 was determined. The results thus obtained are hkew.se listed ,n Table 



40 



45 



50 



55 



1. 

Comparative Example 3 



A tile-like block of electrolytic manganese dioxide having a thickness of 1 cm wwjproduced by 
AiJro vzina an aqueous solution of manganese sulfate to thus separate out manganese d.ox.de on an 
SS^^TTlSl«^ was'performed at an electro.yte temperature of 80; C. a manganese 
suSte concentration of 14 g/l, a sulfuric acid concentration of 10 g/1 and a current density of 52 A/rn A 
sSte wa ^ ^ from the block and observed with a transmission electron microscope. As a resujt it was 
Smed ^aUhe electrolytic ma^anese dioxide thus formed was in the form of appropriately sphe cal 
^fvl an aspect ratio of 2 or smal.er. The b.ock was roughly pufcerized. followed by neutrahza- 
Eor! washTnS drying and pulverization into fine particles to give electrode manganese d.ox.de 

^S^ffS^ -* « the elect < 0,yttc T 9anese dioxide 

thus oreoared was used to give samples (Sample Nos. 18 to 24) of cathodic active materials. ^ 

Se e.ectrofytic manganese dioxide used in Example 1 was mixed with graphrte using a 
ribboTbleS' instead of tne horizontal bead mil. used in Example 1. followed by the same procedu-s 
used in Sample 1 to assemble LR-6 type alkaline manganese dioxide cells and the discharge t.me thereof 
cut at mfSmotive force of 0.9 V under 10-discharge conditions was determined. In the following Table 
TlTe^Zse* as a standard (i.e., assumed to be 100) and other resuKs were expressed ,n values 
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relative to the standard. 

Incidentally, the aspect ratio of the electrolytic manganese dioxide crystals used in the foregoing test 
was determined according to the following method. 

The major axis and the minor axis of an electrolytic manganese dioxide particle were determined for 
needles such as those depicted in FIGURE 4 appearing on a micrograph taken by a transmission electron 
microscope (TEM) and the ratio: major axis/minor axis was defined to be the aspect ratio of the manganese 
dioxide particle herein used. 

Images of needle-like crystals appearing on TEM micrographs are not always clear and accordingly, the 
longest major and minor axes were used for the determination of the aspect ratio. 

TABLE 1 



15 



25 



35 



Sample No. 


Aspect Ratio 


Discharge Time (%) 


1 


3-10 


122 


2 


3-10 


131 


3 


3-10 


135 


4 


3-10 


147 


5 


3-10 


157 


6 


3-10 


136 


7 


3-10 


87 


8 


3-10 


78 


9 


1-2 


58 


10 


1-2 


49 


11 


1-2 


95 


. 12 


1-2 


86 


13 


. 1-2 


76 


14 


1-2 


64 


15 


1-2 


55 


16 


1-2 


39 


17 


1-2 


28 


18 


1-2 


47 


19 


1-2 


49 


20 


1-2 


57 


21 


1-2 


68 


22 


1-2 


34 


23 


1-2 


26 


24 


1-2 


15 



Example 2 

After sufficiently mixing 8 kg of electrolytic manganese dioxide particles with 0.6 kg of graphite powder 
in a twin-cylinder mixer, 9 kg of distilled water was added thereto to give a slurry and then the slurry was 
pulverized in a horizontal type bead mill. The slurry was sampled from the mill at residence times of 2. 5, 
10, 20 and 30 and 180 minutes, each Sample was filtered and dried in a dryer maintained at 60 *C, followed 
by' disintegration and impregnation with a saturated potassium hydroxide solution to thus give a cathodic 
active material. LR-6 type alkaline manganese dioxide cells were prepared using the cathodic active 
material thus prepared. 

The discharge time thereof till the electromotive force of the cells reached 0.9 volt under the discharge 
at a load of 10 was determined. 

Moreover, the same procedures used above were repeated except that a ribbon blender was substi- 
tuted for the horizontal bead mill used above to likewise give an LR-6 type alkaline manganese dioxide cell 
and then the discharge quality thereof was determined. In the following Table 2, this result was used as a 
standard (i.e., assumed to be 100) and other results were expressed in values relative to the standard. 
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Comparative Example 4 

A slurry was prepared by adding 9 kg of distilled water to 8 kg of electrolytic manganese dioxide 
particles and then the slurry was pulverized in a horizontal type bead mill. After the slurry was pulverized 

5 for 10 minutes expressed in terms of the residence time in the mill, 0.6 kg of graphite was added to the 
slurry followed by additional mixing and pulverization over 20 minutes, the slurry was filtered and dried in a 
dryer maintained at 60*0, then sampled from the mill, followed by disintegration and impregnation with a 
saturated potassium hydroxide solution to thus give a cathodic active material. An LR-6 type alkaline 
manganese dioxide cell was assembled using the cathodic active material thus produced and the discharge 

jo time thereof till the electromotive force of the cell reached 0.9 V under the IQ-discharge conditions was 
determined. The same procedures used above were repeated except for using samples withdrawn from the 
mill at residence times of 30 and 180 minutes and the discharge time thereof was determined in the same 
manner. The results thus obtained are listed in Table 2 given below. 

is Comparative Example 5 

A slurry was prepared by adding 9 kg of distilled water to 8 kg of electrolytic manganese dioxide and 
pulverized in a horizontal bead mill. The slurry was sampled at residence times of 2, 5, 10, 20, 30 and 180 
minutes and each sample was dried in a dryer maintained at 60 *C followed by disintegration, addition of 

20 7% graphite powder under wet conditions, mixing in a ribbon blender and drying in a dryer maintained at 
60 *C. Each sample was impregnated with a saturated potassium hydroxide to give each corresponding 
cathodic active material. LR-6 type alkaline manganese dioxide cells were assembled using these cathodic 
active materials thus produced and the discharge time thereof till the electromotive force of the cells 
reached 6.9 V under the 1 Q-discharge conditions was determined. The results thus obtained are likewise 

25 listed in the following Table 2. 

TABLE 2 





Pulverization Time (min) 


2 


5 


10 


20 


30 


180 


Example 2 


103 


110 


130 


140 


140 


80 


Comparative Example 4 






90 




80 


80 


Comparative Example 5 


95 


90 


85 


80 


73 


71 



The foregoing results listed in Table 2 clearly indicate that the cell obtained using the manganese 
dioxide composition prepared according to the present invention exhibits a greatly elongated discharge time 
till the electromotive force thereof dropped to a predetermined level as compared with those observed on 
40 the cells obtained using the manganese dioxide composition prepared by the conventional method. 

Claims 

A cathodic active material for dry cells comprising a mixture of electrolytic manganese dioxide particles 
which are composed of needle-like crystal grains having an aspect ratio ranging from about 2 to about 
20 and graphite particles. 

A cathodic active material for dry cells comprising graphite particles and electrolytic manganese 
dioxide particles which are in the form of needle-like crystals having an aspect ratio ranging from about 
2 to about 20, the needle-like crystals being assembled while arranging their crystalline orientations in 
one direction to form crystal grains having a diameter ranging from about 0.2 to about 0.6um. 

A cathodic active material for dry cells comprising graphite particles and electrolytic manganese 
dioxide particles having a particle size ranging from about 0.2 to about 10um, wherein needle-like 
crystals having an aspect ratio ranging from about 2 to about 20 are assembled while arranging their 
crystalline orientations in one direction to form crystal grains having a diameter ranging from about 0.2 
to about 0.6um. 
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4. A cathodic active material for dry cells comprising flaky graphite particles and electrolytic manganese 
dioxide particles wherein needle-like crystals having an aspect ratio ranging from about 2 to about 20 
are assembled while arranging their crystalline orientations in one direction to form crystal grains 
having a diameter ranging from about 0.2 to about 0.6um and wherein the electrolytic manganese 

5 dioxide particles are adhered to the flat surface of the flaky graphite particles. 

5. A cathodic active material for dry cells comprising flaky graphite particles and electrolytic manganese 
dioxide particles wherein the electrolytic manganese dioxide particles are composed of needle-like 
crystals having an aspect ratio ranging from about 2 to about 20 or the needle-like crystals are 

w assembled while arranging their crystalline orientations in one direction to form crystal grains having a 
diameter ranging from about 0.2 to about 0.6um and wherein the electrolytic manganese dioxide 
particles having a particle size ranging from about 0.2 to about 10um are adhered to the surface of the 
flaky graphite plates. 

75 6. The alkaline manganese dioxide cell provided with a cathode prepared using a cathodic active material 
according to any one of claims 1 to 5. 

7. A method for preparing a manganese dioxide composition for dry cells comprising the steps of mixing 
carbon powder with manganese dioxide powder in a weight ratio ranging from 1:100 to 15:100 and then 

20 pulverizing the resulting mixture: 

8. The method according to claim 7 wherein the carbon powder is graphite powder. 

9. The method according to claim 7 wherein the manganese dioxide is electrolytic manganese dioxide 

25 

10. The method according to claim 7 wherein the carbon powder is graphite powder and the manganese 
dioxide is electrolytic manganese dioxide. 

11. The method according to claim 7 wherein the electrolytic manganese dioxide particles comprising 
30 needle-like crystals having an aspect ratio ranging from about 2 to about 20. 

12. A cathodic active material for dry cells prepared according to a method according to any one of claims 
7 to 10. 

35 1a An alkaline manganese dioxide cell provided with a cathode prepared using a cathodic active material 
of claim 12. 
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